Summary. I.C.I. 46,474, the trans-isomer of 1-(p-\g=b\-dimethylaminoeth\x=req-\ oxyphenyl-1,2-diphenylbut-1-ene, is very effective in terminating early pregnancy by preventing implantation when given during the first 4 days after insemination to female rats. In this species, the compound is weakly and atypically oestrogenic and is also anti-oestrogenic, as indicated by its inhibitory effect on the response to exogenous oestrogens of the vaginal epithelium (cornification) and uterus (weight-increase). It is suggested that it can prevent implantation in rats by virtue of its anti-oestrogenic activity, i.e. by counteracting the oestrogen-release from the ovaries which is believed to occur on the 4th day and upon which implantation appears to depend.
INTRODUCTION
Clomiphene, 1 -(/»-diethylaminoethoxyphenyl) -1,2-diphenyl-2-chloroethylene (citrate), a basic ether related to the oestrogen triphenylchloroethylene (Robson, Schönberg & Fahim, 1938) was first described by Holtkamp, Greslin, Root & Lerner (1960) as an anti-fecundity agent in female rats with an in¬ hibitory action on pituitary gonadotrophic function, weak uterotrophic activity and some oestrogen-antagonizing effect.
More recently, compounds of two series have been described which may be regarded as basic ethers of 'cyclized' triphenylethylenes. These are represented, respectively, by the diphenylindene 2-[/>-(6-methoxy-2-phenylinden-3-yl)-phenoxy] triethylamine hydrochloride (U-11555A), and the diphenyldihydronaphthalene, 1 -(2-[p-(3,4-dihydro-6-methoxy-2-phenyl-l-naphthyl) phenoxy] ethyl) pyrrolidine hydrochloride (U-11100A). Both the former (Duncan, Stucki, Lyster & Lednicer, 1962) and the latter of these substances (Duncan, Clark & Lednicer, 1963) have marked anti-fertility effects in female animals ofseveral species. In rats U-l 1100A is the more potent, a single oral dose of 0-25 mg/kg, given within 4 days of insemination, being sufficient to inhibit pregnancy. These compounds are not markedly inhibitory of pituitary gonadotrophic activity and are only weakly uterotrophic but they have demonstrable anti-oestrogenic properties. There is evidence Duncan & Forbes, 1965) that their capacity to terminate early pregnancy in rats is due to inhibition of the oestrogen-dependent mechanism of implantation -i.e. is a manifestation of their anti-oestrogenic action.
During the past 5 years a series of compounds has been synthesized in these laboratories (Richardson, 1965) The rats and mice, used in these studies, were from the random mated colonies of specific pathogen-free animals maintained at Alderley Park. Both were albinos of strains designated Alderley Park Strain I. I.C.I. 46,474 and 47,699, the trans-and m-isomers, respectively, of l-[p-ß-dimethylaminoethoxyphenyl)-l,2-diphenylbut-l-ene, were used as the citrates. These were made up as dispersions by ball-milling for 16 hr in 0-5% aqueous Tween 80. Stock dispersions were stored in the dark at 5°C and diluted for use as required.
The reference-substances used were: dienoestrol, similarly made up in aqueous dispersion, and oestradiol-17ß and testosterone propionate, dissolved in arachis oil and given subcutaneously. SKF 525-A (/J-diethylaminoethyldiphenylpropyl acetate HC1), dissolved in distilled water immediately before use, was injected intraperitoneally. (Paget, Walpole & Richardson, 1961 . In order to allow for small variations in the occurrence of desmosterol in control animals and for differences in the colour-yields between series of estimations, the results of these measurements were expressed as a ratio of the desmosterol present in the samples from the treated groups to that in the samples from the simultaneous controls. When desmosterol constituted 5% of the total sterols in the treated animals, this ratio was found to average +4. This has been taken as an arbitrary upper limit in assessing the acceptability of compounds which cause desmosterol accumulation by blocking cholesterol synthesis.
STATISTICAL METHODS
Median effective doses were calculated by the simplified method of Litchfield & Wilcoxon (1949) , and the significance of difference between mean values was tested by Duncan's method (1955 (Text-fig. 4) of 1 mg/kg, while the med (ovulation inhibited in 50% of rats) was found to be 0-25 (0-17 to 0-37) mg/kg/day (Table 8) .
Ovarian weight decreased progressively as the dose of I.C.I. 46,474 was increased. Significant decreases from the control level were observed only with doses of 0-5 and 1-0 mg/kg/day. In rats that ovulated, however, normal numbers of corpora lutea were found.
The results with I.C.I. 47,699 are shown in Table 9 . It is clear that this compound is very ineffective in preventing ovulation. The best effect (67% inhibition) was produced by a daily dose of 10 mg/kg, and less by 20 mg/kg/day. No med could be calculated from these results, but it is obviously greater than 1 mg/kg/day. Ovarian weight was significantly lower than control for all treatment groups. A daily oral dose of 0-1 mg/kg of dienoestrol inhibited ovulation in three out of six rats in a similar test situation, but increased doses up to 4 mg/kg/day had no greater effect. Conventional oestrogens are relatively ineffective in inhibiting ovulation in this test, and I.C.I. 47,699 is no exception.
Female rabbits
Out of six rabbits dosed by mouth with 1 mg/kg of I.C.I. 46,474, five mated.
At autopsy 18 hr later, all five were found to have ovulated, the mean number of ovulations/rabbit being 8-6 + 0-6 (S.E.). This figure is within the normal Table 8 inhibition of ovulation in puberal rats by i. Table 9 inhibition of ovulation in puberal rats by i.c.i. 47,699 range for control rabbits, and thus there was no indication of any inhibition of lh release.
ANDROGENIC EFFECTS IN RATS
The androgenicity of these compounds was not specifically examined, but the results of the experiments shown in Tables 6 and 7 provide no evidence for any such effect. Increasing doses of I.C.I. 46,474 produced no significant increase but only decreases in the weight of the accessory organs in male rats. The same is true for I.C.I. 47,699.
ANTI-ANDROGENIC EFFECTS IN RATS
These were evaluated in castrated immature male rats treated with testosterone propionate either alone or in combination with graded doses of I.C.I. 46,474 (Table 10) . Although the figures do not reach the level of statistical significance [P = 0-05), they suggest that I.C.I. 46,474 interferes directly with the action of androgen on the prostate. The effect is small and independent of the dose over the range of 0-1 to 10 mg/kg/day, but is possibly sufficient to account for the effect of the compound on the weight of this organ in intact male rats (Table 6 ). On the other hand, the response of the seminal vesicles to androgenic stimulation was quite unaffected in the castrate by the doses of I.C.I. 46,474 given. The effect of still higher doses (25 mg/kg/day and above) which cause a significant loss in weight of this gland in intact animals remains to be deter¬ mined. In normally cycling rats, I.C.I. 46,474 at 0-0001% in the diet did not abolish the oestrous cycle, but prevented the appearance of fully cornified smears (Table 11) . At the higher level 0-001%, extended periods of di-oestrus were observed in nine out of eleven rats, while the remaining two showed continu¬ ously cornified smears for periods of more than 7 days. In both groups the numbers of pro-oestrous and oestrous smears fell sharply during the 7 days following withdrawal of the compound before returning to normal in the second week post-treatment. (Psychoyos, 1960; Shelesnyak, Kraicer & Zeilmaker, 1963; that, in preg¬ nant rats, implantation of the blastocysts can be completely prevented by ovariectomy up to mid-day on the 4th day. These authors are agreed that a release of oestrogen from the ovary, necessary to induce implantation, occurs between noon and midnight on that day. I.C.I. 46,474 has anti-oestrogenic properties as indicated by inhibition of the action of exogenous oestrogen on the vaginal epithelium and uterine weight, and these properties are manifest with doses of about the same order as those required to prevent implantation (Table 5 , Text- fig. 2 ). It is suggested that the compound interferes with im¬ plantation by counteracting this oestrogen-release. Evidence for a like inter¬ pretation of the action of U-l 1555A and U-l 1100A on implantation has already been cited Duncan & Forbes, 1965) . In view of its similarity to these compounds, both in structure and in the overall pattern of its endocrine activity, it seems reasonable to suppose that it may affect that process in a similar way. We have shown (unpublished) that, like U-l 1555A and U-11100A (Duncan & Forbes, 1965) and clomiphene (Staples, 1966) These toxic effects may be due to an accumulation in the affected tissues of sterol precursors of cholesterol. In rats given Triparanol, roughness and scaliness of the skin has been observed, associated with increased levels in the skin of desmosterol and lanosterol (Gaylor, 1963; Horlick & Avigan, 1963) : accumu¬ lation of desmosterol also occurs in serum and liver, while cholesterol levels fall (Frantz, Mobberley & Schroepfer, 1960; . Compounds of the present series were therefore examined for effects on cholesterol biosynthesis. I.C.I. 46,474 did not increase the desmosterol content of the serum and liver, although the cholesterol content of the serum was reduced.
